hydrophilic filters (Sartorius, Gottingen, Germany).
168
To further purify and analyse the aggregates, the method developed by Parker, average values are greater than the inverse scattering vector 1/q (here 38 nm). In this case, the 235 measured particle size is expected to be very close to the real particle size for the afore- The protocol used in this study was a modification of the method of Hussain et al. High-resolution scanning electron microscopy (SEM) was used to evaluate the size 258 and shape of the protein aggregates. Protein particle suspensions (10 µL) were pipetted onto a 259 freshly cleaved mica surface attached to an SEM stub. After air drying at 20 °C, the samples 260 were sputter coated with chromium prior to examination in a field emission scanning electron 261 microscope (Supra 40VP; Carl Zeiss Ltd., Oberkochen, Baden-Württemberg, Germany). shows the protein concentration in the supernatant as a function of the pH at heating and the 300 addition of calcium. At pH 6.7, none of the samples gelled after 25 min of heating at 90 °C.
301
However, the protein concentration recovered in the supernatants was significantly lower in 302 the samples heated at pH 6.7 (1-2%) than in the samples heated at pH 7.2 (4%). At pH 6.7, 
306
The proteins in the supernatants from the heated MPC were separated by FPLC into 307 three fractions; the composition and volume of each fraction are presented in Fig. 2 and Table   308 2. Three fractions from the sample at pH 7.2 were collected between 50 and 60 min, 60 and mainly involved in aggregate formation through disulphide bonding. However, the major 336 whey protein involved in the covalent aggregates was β-lactoglobulin. κ-Casein was also M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
15 involved in the aggregates by disulphide bonding (58-87%, w/w, of κ-casein in the fractions).
338
Fractions B and C contained α S -and β-casein, while fraction C contained the highest aggregation and precipitation. Thus, the difference in particle size between fractions A and B
351
( Table 3 ) may be the result of the chaperone-like activity of the non-covalently bound caseins
352
(α S-, β-and κ-casein) to whey proteins in fraction B (Fig. 2) . B and C, the amount of κ-casein that was not covalently bound to the whey proteins or self-366 aggregated was sufficient to stabilise α S -and β-casein in the form of "mini-micelles".
367
However, the presence of "mini-micelle" in the fractions and their effect in this study cannot 368 be dissociated from those of the aggregates containing whey proteins.
369
SEM images (Fig. 3) show the morphology and the size distribution of the largest and 
377
Some fractions were also analysed using atomic force microscopy (AFM) in air ( The heat stability of the isolated fractions after heating at 90 °C for 1 h (pH 7.2) at 391 0.25% (w/v) protein was assessed (Fig. 4 and Table 4 ). To compare the stability of the 392 nanoparticles in buffer after heating, the samples were centrifuged at 10,000 × g for 30 min.
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393
The soluble protein content after heating and centrifugation (10,000 × g for 30 min) and the 394 visual properties of the samples after heating were the criteria used to determine the heat 395 stability of the samples.
396
The heat stability of the fractions did not vary significantly with the addition of The total protein recovered after heating in fraction B was around 80-89% (w/w).
427
Fraction B contained aggregates of mean diameter 44 nm and with a whey protein to κ-casein 428 ratio of 1:0.5 to 1:0.6, containing around 11-14% (w/w, total proteins) of α S -and β-caseins.
429
At equal ratios of whey protein to κ-casein, fraction B showed significantly higher heat 
476
By comparison, for fractions A and C, the hydrophobicity of the aggregates (Table 3) 477 seemed to follow the same trend as the heat stability of the aggregates and the ratio of whey 
Conclusions
501
The presence of caseins provided stabilization of whey protein aggregates during 502 heating. In particular, κ-casein exhibited a chaperone-like activity at a whey protein to κ-503 casein ratio of 1:0.7, for both heated and unheated mixtures of whey proteins and κ-casein.
504
Pre-heat treatment reduced the chaperone-like activity of κ-casein. The presence of α S -and β- Table 2 Characteristics and composition of the aggregates in fractions A, B and C (see Fig. 2 ) separated from milk protein concentrate heated at pH 7.2 with up to 5 mM added calcium chloride. Table 3 Particle size and hydrophobicity of the aggregates formed in MPC heated at 90 °C for 25 min at pH 7.2 with up to 5 mM added calcium chloride and collected in fractions A, B and C (see 0* 50 ± 12 43 ± 11 47 ± 20 10 ± 5 9 ± 7 13 ± 10 80 ± 28 87 ± 8 89 ± 16 94 ± 7 98 ± 3 90 ± 4 WP (% SF) 0* 4 ± 1 48 ± 13 54 ± 18 31 ± 1 60 ± 19 53 ± 6 39 ± 0 53 ± 7 50 ± 2 6 ± 0 10 ± 3 15 ± 8 CN (% SF) 0* 96 ± 1 52 ± 13 46 ± 18 69 ± 1 40 ± 19 47 ± 6 61 ± 0 47 ± 7 50 ± 2 94 ± 0 90 ± 3 85 ± 8 WP/κ-CN ratio 1:0 1:0. 
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